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ABSTRACT
THE CHEMICAL MODIFICATION OF NECROGENIC AND
PROTEOLYTIC ACTIVITIES OF CROTALIDAE VENOM AND
THE USE OF EDTA TO PRODUCE A VENOM TOXOID
OBJECTIVE
To investigate the proteolytic activity, necrolytic activity, and
antigenicity of untreated venom and venom which had reacted with

ethylenediaminetetraacetic acid (EDTA).

RESULTS AND CONC LUSIONS

Agkistrodon piscivorus venom treated with EDTA lost ability to
digest casein. Neither sodium phosphate nor sodium bicarbonate re-
stored this ability. The hemorrhagic and nacrotizing activity of this
venom was essentially absent following EDTA treatment. EDTA
treated venown which did not produce necrosis and hemorrhage stimu-
lated the production of antibodies which neutralized the local aud sys-
temic toxic activity of untreated venom.

RECOMMENDA TIONS

The usefulness of EDTA in the treatment of snakebits should be
investigated and attempts should be made to isolate and characterize
the necrogenic and proteolytic components of snake venom.
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THE CHEMICAL MODIFICATION OF NECROGENIC AND
PROTEOLYTIC ACTIVITIES OF CROTALIDAE VENOM AND
THE USE OF EDTA* TOPRODUCE A VENOM TOXOiD

L INTRODUC TION

The important observation of Deutach and Diniz that EDTA in-
hibited venom proteinases has suggeated the existence of a unique
class of proteolytic enzymes, and apparantly an essential role of
metals in the activities of venocma togins (1, 2).

This communication demaenstrates the suppression of the ne-
crotizing properties of Crotalid venoms by EDTA in the rabbit. The
effects of various parameters on the course of vepom inactivation by
EDTA are reported; furthermore, venom treated with EDTA was
shown to induce antibody formation 2gainst the necrotizing and toxic
effects of native venom,

IL MATEKIALS AND METHODS

Proteolytic activity was determined by the casein digeation meth-
od of Kunitz (3). Digestion was carried out for 20 minutes at 35°C at
a casein concentration of 0. 5% in C, 05 molar Tris-HCI** buffer at
PH 8, if not indicated otherwise, Identical blanke were used in which
the mixing of all reactants was quickly followed by the addition of tri-
chloroacetic acid. Proteolytic activity was terminated by the addition
of 3 ml of 10% TCA to 2 ml of reaction mixture. The suspension thus
obtained was filtered after 30 minutes and the optical density of the
roniting filtrate was measured at 2800 4 against the appropriate
blank.

Immuncdiffusion analyses weres carried out by placing 15 ml of
sterile Difco agar in plastic petri dishes of 10 cm diameter, The
agar was solidified in the cold and a center well I ¢cm in diameter was
cut. Two to four peripheral wells, 0.8 cm in diameter were located
4-5 mm from the center well., Solutions containing 10 mg of venom
per ml were placed in the center well, and normal saline solutions
containing 100 mg per ml of rabbit immunoglobulins were placad in
the peripheral wells. The plates were incubated for 3 to 5 days at
22°C and then photographed,

*EDTA, disodium salt of ethylenediaminetetraacetic acid.
sk
Tris-, tris -'hydroxymethyl)aminomethane.
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The ability of rabbit antibodies to neutralize thie hemorrhagic
activity of venom was determined by a method which was essentially
that of Kondo (4). A saline solution containing 2 mg por ml of venom
was added in equal parts to physiological saline containing 100 mg per
ml of rabbit immunoglobulin, As a control, 1 nug per ml of untreated
venom in saline was prepared. Solutions with and without antibody
were incubated at 37°C for ! hour before injection and 0.1 ml of the
vencm-globulin mixture ard 0.1 ml of the control were injected intra-
dermally into a depilated rabiit, The animals were sacrificed 24 hours
after inject.on and the skin war. removed ans the undersurface was pho-
tographed. Neutralization was indicated by comparison of the intra-
dermal hemorrhage at the control and at the area in which venom was
trcated with antibody.

The titer of gamma globulin for venom toxins in the two groups
of animals was determined by the method of Gingrich and Hoksnadel
(5). Venom was dissolved in normsi saline in a concentration of 26
LDsg per ml for 18 to 20 gm female Swiss mica. Lvophelizsd rabbit
globulin was dissolved ia saline to a concentration of 100 mg per ml
and serial dilutions of this solution were prepared. A given quantity
cf venom and serial dilutions of gamma globulin were combined and
incubated for 30 minutes at 22°C: Q.5 ml of these solutions were in-
jected intravencusly into mice. Death of the animal within 24 hours
after injection was attributed to venom toxicity.

To compare the venom antigens of EDTA treated venom with
those cf untreated venom, two groups of eight rabbits were immu-
nized, A series of eight injections, increasing in amounts, was
given each animal as described by Russell {6). Venom was dis-
solved in normal saline and added to an equal quantity of 4% sodi-
um alginate. The injection site was the subcutaneous region of the
shoulder. Ten days following the last injection the animals were
exsanguinated and their serum collected. Globulins were coltected
by precipitation with 35% ammonium sulfate. The precipitates were
dialyszed and lyopholized, During the course of immunixation, the
group of animals injected with untreated venom suffered 20% mor-
tality and the surviving animals receivirg untreated venom suifered
severe local reactions and sloughing of tissue. Neither deaths nor
sloughing occurred °n the group of animals imiurized with EDTA
treated venom, There were tissue reactiuns in all aaimals and
septic abscesses developed in twe animals receiving £EDTA treat-
ed venom. Thes~ were controlled by surg.cal draining and anti-
biotic therapy.




oI RESULTS

Casein Digestion. Tle digestion of casein by various concentra-
tions of venoms, during a 20-minute interval at 35°C, is shown in Fig-
ure 1. This curve served as a standard in assessing the effects of
ions and chelating agonts on proteolytic activity in reaction mixtures
differing with respect to venom activity, ion content, and concentra-
tion,

The Temperature, Time, and Concentr:'ion Dependence of
Proteinase Inactivation by EDTA. The time required, at 35°C, for
different concentrations of EDTA to alter the level of activity of the
venom ensymes which digest caseis is shown in Figure 2. The pla-
teaus cheervad between 0. 66 M EDTA and 1. 65 mM SDTA appear
to indicate the presence of at least two venom ensymes which digest
casein and which differ in their sensitivity to EDTA inactivation.

A similar pattern of inactivation was observed when the digestion
time was doubled. Casein was digested by both. ensymes and the rate
of digestion during the second 20 minute interval did not differ greatly
from that observed during the first 20 minute interval,

Venom toxoids were produced by reacting venom with 10-2 molar
EDUTA at 35°C for 2 hours at pH 7.5. The proteolytic activity of venom
on casein following this treatment is shown in Table 1. In order to de-
termine the weakened proteolytic activity of venom preparations used
as antigens, casein digestion was continued up to 30 minutes. These
data show that casein was dizested following the treatment indicated,
and show again the existence of enzymes which digest casein and which
are comparatively resistant to EDTA inactivation.

EDTA inactivation of venom proteinases was temperature de-
pendent. The extent to which temperature irfluenced the inactivation
of these enzymes by EDTA is shown in Figure 3,

The Digestion of Casein by Venom Proteinases in the Presence
of Combinations of NaCl, NaHCO3, and FDTA, The data in Table 2
show the extent to which casein digestion was altered by the presence
of sodium bicarbonate, and by sodium chloride in solutions with and
withcut EDTA. In the preparation of sodium bicarbonate solutions,
the hydrogen ion concentration was not permitted to drop below pH 8
{2). In testing for stimulation of proteolytic activity or for the al-
leviation ci EDTA inhibition, bicarbonate solutions were added to
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solutions of casein or venom which were buffered at pH 8. The vari-
ous components tested were reacted with venom at 35°C for 15 min-
utes, and the final concentration of EDTA in these solutions was 3.3
mM.

Differences in casein digestion in the presence and absence of
bicarbcnate are of a magnitude which fall within the limits of experi-
mental error. Neither NaHCOj3 nor NaCl produced a significant ai-
teration in EDTA inhibition,

The efiec: of phosphate on the EDTA inhibition of venom pro-
teinases was reinvest.gated. The data in Figure 4 show that under
the conditions of this experiinent the addition of a second possible

ligating subetance to solutions of vencem: und EDTA incroises rathsr

- -

than diminishes the proteinase activity of such solutions,

The Effect of EDTA on the ALility of Venom to Produce Intra-
dermal Necrosis. A typical hemorrhagic lesion produced by the intra-
dermal injection of venom is marked as control in Figure 5. This
hemorrhagic area was produced by 500 ug of venom injected in 0. 1
ml of saline. This quantity of venom gave an optical density of only
0.39 at 2800 A in the standard proteolytic assay.

The hemorrhagic arean shown in the top row of Figure 5 were
each produced by the same quantity and volume of venom used {2 the
"control® but the venom used for injection in the areas marked with
time intervals were incubated with EDTA. The time intervals denote
the length of time venom reacted with EDTA at 55°C before injection,

A Comparison of Inmunochemical Reactions of Untreated Venom
and the Immunoglobulins of Rabbits Inoculsted either with Untreated
Venom or with EDTA Treated Venom. The gross similarity among
immunoglobulins from rabbits immunized with EDTA treaied venom
and untreated venom was revealed in the immunaodiffusion pattern
shown in Figures 6a and 6b. The prominent confluence of numerous
precipitation bands emphasized the gsimilarity in antigenic structure
of the non-necrotizing EDTA treated venom and the highly necrotizing
untreated venom,

This similarity in antigenic structurs was emyhssized again by
the observation {Fig. 7) that antiserum from a rabbit immunised with
the non-necrotizing EDTA trezced venom neutralized the necrogenic
activity of untreated venom. Using the intradermal skin test, the




antiserum produced in response to the EDTA treated venom was in-
distinguishable from the antiserum produced in response to the un-
treated necrotizing venom.

The ability of antisera to neutralize the lethal toxicity of venom
injected intravencusly was investigated in the mouse. A group of
rabbits were inoculated with untreated venom and another group was
prepared by 35% (NH,)2504 precipitation from the serum of each group
and it was dialyzed, lyoptolized, and finally mixed in solution with un-
treated venom. The LDsg of these solutions are compared in Table
3. It was observed that the immuno-response to EDTA treated and un-
treated venom with respect to neutralisatica of lethal toxicity was es-
sentially the zare. The responses cbserved with both types of venom
distinguished the sera of the inoculated group from the sera of rabbits
which were not iroculated with venom.

IVv. DISCUSSION

The proteolytic activity of Crotalid venom is inhibited by chelat-
ing agents (1}, but this activity is not significantly diminished by di-
alysis. These observations suggest that the enzsymes of venom are
metalioproteins rather than metal protein complexer (7).

Inhibition of metalloprotein eanzymes by chelating agents may
occur in consequsnce of the displacement of an essential metal from
the ensyme by the chelating agent and in consequence of the sccupancy
of an essential coordinate position on the protein bound metal by the
chelating agent, In beth nechanisms of inactivation the ligand, che-
lating agent, functions as an electron denor and the metal as an elec-
tron acceptor. From these considerations it would appear unlikely
that inhibition by a given ligand would be reversed by the addition of
a second ligand,

Phospkate and sodium bicarbonate, iike EDTA, may act 3s
ligands and in this capacity react with or remove enzyme bound
metal. Yet, Philpot and Deutsch (2) and Philpot (8) state that phos-
phatz and sodium bicarbonate alleviate (1) inhibition of venom pro-
teinases by EDTA,

Because of the difficultly in visualising a mechanism whichwould
account for such an antagonizm of EDTA inhibition by cther ligands,
the question of the effect of EDTA on venom protesinases was reinvesti-
gated.




The irhibition of enzyme activity Yy a chelating agent is pre-
sumptive evidence that 2 metal is eseential to that activity. It may
be imagined that a given motalloenzyme would e-ince a characteristic
inactivation rate at various conceniratiops of chelating agerits. On
this basis, the data in Figure Z show that .t least two enzymes or
groups of enzymes are active in the digestion of casein by venom.
These easymos are distinguished by a d¥f{erence in their sensitivity
to EDTA inactivation, and tnis diffexence appears as the sharp break
in the curves of Figure 2, and in the broad plateaus apparent at EDTA
concentration above 0. 66 mM.

In this stur'y, comnfrary to the raports of others {1). EDTA did not
completely inhibit the proteinases of the cottonmouth moccasin. In an
atiempt to produce a venom toxoid which caused little or no dermal
necrosis, venom was rencted with relatively high concentrations of
EDTA for several hours at 37°C, but this venom coatinued to show
proteoiytic activity on casein (Table 1) althcugh it was minimally
necrogenic, ;

The strong temperature dependence of EDTA inuctivation (Fig.
3) may suggest that loss of activity, if the chelating agent rescted
rapidly with the metal of the enzyme, results from a denaturation
represented by a conformacional change in the enzyme. The use of
radioactive labeled EDTA in a study of its possible f{ixation to enzyme
prctein may be of value in elucidating the mechanism of this inactiva-
tion, as well 23 elucidating the strength of a possible metal to protein
bond,

It has beenr reported that EDTA inhibition of venom proteinases
was reversed by physiologically ubiquitous ions such as phosphate
and sodium bicarbonate (1, 8). One conclusior to be drawn from
these reports was that while EDTA inactivated some of the toxic
components of venom under certain ‘2 vitro conditions, it would he
unlikely that this chelating agent could inhibit the action of these
toxins 2 vivo, However, 2z stiated above, the notion of the alleviation
of EDTA inhibition by other ligands was difficult to rationalize in terms
of known chemical mechanisms,

The effect of phosphate and of sodium bicarbonate on venom en-
zymes which digest casein therefore was reinvestigated, Figure 4
shows the effect of phosphate on the digestion of casein and cn the
EDTA inhibition of caseinase activity. Here it was apparent that
less proteolytic activity was manifested in solutions containing phos-
phate and EDTA than in solutions containing only EDTA, The presence
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of pnosphate appearad to potentiate EDTA inhibition rather than reverse
such inhibition, The effect of sodium bicarbonate ion and of sodium
chloride on EDTA inhibition of venom proteinases was explored. Table
2 shows that EDTA inhibition of these enzymes was reversed neither

by sadium bicarbonate alone nor by sodium chloride. In the absence of
EDTA cesein digestion was unaffected by sodium chloride and by sodium
bicarbonate.

In this study, the inability to observe a reversal of EDTA in-
aibition by phosphate and sodium bicarbona/e suggested the possible
value of chelaiing agents in the inactivation of venom in vivo. Pre-
liminary to su-h an investigation, venom and EDTA were mixed in 1
test tube and tl.e solution was maintained at 35°C with periodic sam-
pling. Thege samples of venom with EDTA were injected intradermal-
ly at various times after mixing. It is apparent from Figure 6 that
venom constituents responsible for intradermal hemorzrhage were in-
activated by reacting with EDTA and that this inactivation was decidedly
time dependent and analogous to proteolytic ensyme inactivation by
EDTA,

A major difficulty in the use of native venoms as antigens in the
production of potent antivenins is the extensive local hemorrhage which
occurs at the site of injerticn (9). The observation that EDTA treated
venom failed to produce extensive hemorrhage suggested the use of
this chelating agent for the production of a venom toxoid as well as
for the treatment of snakebite {10}, It was speculated that the pre-
ponderant surface of the metal containing protein molecule might not
be altered appreciably by a reaction between the metal and this ligand.
If such an extensive alteration did not occur, then antibodies against
the non-necrogenic EDTA treated venom might react with native venom,

Untreated venom and venom which had reacted with EDTA were
mixed witk Na-alginate adjuvant, and rabbits were inoculated with
these preparations. Following this treatment serum was obtained
from the rabbits with antibodies against EDTA treated venom and
againa{ non-treated venom,

The considerable similarity of the antibodies produced by non-
necrotizing EDTA treated venom and the necrotizing non-treated venom
was revealed by the similarity and confluence of precipitation bards in
immunodiffusion analysis {Figs. 6a and 6b) and by the ability of anti-
bodiea against EDTA treated venom to neutralize components of native
venom which produced local necrosis (Fig. 7) and against those which
produced systemic intoxication when injected intravenously (Table 3).
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V. SUMMARY

Venom treated with EDTA lost the ability to produce intradermal

necrosis.

EDTA treated venom was capable of stimulating the production
of antibodies which reacted with and neutralized toxins of untreated

venom.

Neither sodium bicarhonate nor phosph-te raversed the EDTA
inhibition of proteolytic enzymes of Agkistrodon piscivorus venom.
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Fig. 2. The 1ahibition of proteolytic activity of venom as a function of
EDTA concentration and as a function of the time of reaction between
EDTA and venon. before the addition of casein, Reaction mixture: 0.!
ml venom (10 mg/ml H;0), 0.5 ml 2 molar tris-HCl, and O ml to 0.5
mi of 330 mM EDTA or H,0, After incubation at 35°C with EDTA for
the indicated time 1, 0 ml of casein in 0,05 M tris-HCl was added and
digestion occurred for 20 minutes before the addition of TCA. Venom
and casein were together before the addition of casein for the time
skown on each curve,
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Fig, 3, The effect of temperature on the EDTA inactivation of venom
proteinase. EDTA reacted with venom for 1 hour at pH 8 at the tem-
peratures indicated in solutions 2 mM in EDTA containing 7, 5 mg of
venom per ml, All reactants were dissolved in 0. 05 molar tris-HC1
buffer and in the control solution buffer was substituted for EDTA,
Following incubation aliquots of these solutions were mixed with case-
in to give reaction mixtures 9. 5% in casein, 0.2 mM in EDTA, and
containing 0. 75 mg venom per ml., The values on the ordinate repre-
sent the fraction of proteolytic activity present following incubation
with EDTA for | hour, and the values on the abscissa show the tem-
peratures at which incubation took place. The peints are the average
of two determinations and the line is arbitrarily drawn,
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Fig. 4. The effect of phosphate cn the EDTA inhibition of venom pro-
teolytic activity, Sclutions of phosphate, EDTA, and phosphate with
EDTA were prepared. These solutions contained 7. 5 mg of venom
per ml, and were kept at 35°C for 1 hour. Proteolytic activity was
then determined in reaction mixtures containing 0.75 mg venom per
ml and 0. 5% casein. The values on the ordinate are the optical jen-
sitias observed in TCA {filtrates following 2C-minute digestion, amd
the vzlues on the abscissa show the concantration of EDTA and phos-
phate in each incubation mixtur~ tested. Phosphate only, &——@;
EDTA only, »——; and EDTA with phosphate, i——8.
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¥ig. 5. The time course of EDTA inacty. lon of the hemorrhagic ac-
tivity of snake venom. The lesions in the upper row were produced by
0. 5 .ng of venom in 0.1 ml <f physioicgical saline, in the lower row
one-half of this quantity of venom was used. The venom solutions in-
jected as control contained no EDTA. Venom solutions at 10-2 molar
EDTA were decignated by time inter "als which denote the length of the
period following the mixing «f venom aad EDTA at 37°C before injec-
tion.
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Fig. 6a. An immunodiffusion analysis of antibodies produced by un-
treated venom and venom treated with EDTA. Solutions of antibodies
stimulated by untreated and EDTA treated venom ase designated re-

spectively NVG and EVG, the solution of untreatsd venom is designated
NV.
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Fig. 6b. An immunodiffusion analysis of antibodies produced by un-
treated venom and venom treated with EDTA, Solutions of antibodies
stimulated by untreated and EDTA treated venom are designated re-
spectively NVG and EVG, the solution of untreated venom is designated
NV.
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TABLE 1

The Digestion of Casein by Venom Preparations Used as Antigens

Digestion Time Mg Venom per ml OD 2800 A OD 2800 A

Minutee Reaction Mixture with EDTA no EDTA
20 0.25 . 045 . 248
" 0. 50 . 045 . 344
40 0.25 .073 . 370
" 0. 50 . 100 . 456
60 0.25 . 093 . 415
" 0. 50 .116 . 567

A solution of 10-2 molar EDTA, pH 8, containing 5. mg per ml of
venom was incubated 2 hours at 35°C and then proteolytic activity on
casein was tested as usual at digestion times indicated above,

TABLE 2

The Effect of Various Combinations of EDTA, NaHCO3, and NaCl
on the Digestion of Casein by Moccasin Venom

Venom EDTA NaHCO3 NaCl H,0 2300 A
ml ml ml ml ml oD
0.5 0 0 0 0.5 0.28
0.5 0.3 0 0 0.2 0.14
0.5 0.3 0.1 0 0.1 0.16
0.5 0.3 0 0.1 0.1 0.14
0.5 0 0.1 0 0.4 0.26
0.5 0 0 0.1 0.4 0.29

The solutions described above were kept at 35°C for 30 minutee then
one part of venom was mixed with one part of 1% casein, 1.0 molar

NaHCO3, 1.0 molar NaCl, and 0.1 molar EDTA solutions were used.
All reactants were at pH 8 in 0, 05 molar tris-HCl. The venom solu-
ticn contained 1.0 mg of venom per ml.
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TABLE 3

weutraliza wun ol the Lethal Toxicity of Veunom by Immune Globulin
Obtained from Rabbits [noculated with Untreoatedand EDIA
‘Treated Venom of Agkistrodon Piscivorus

Globulin ~~  “No. Mice No. Mice
(ilobulin Type Concentration Injected Survived
(mg/m1l)

U 50 8 8
U 37 8 0
U 25 8 0
EDTA 50 8 4
EDTA 37 8 0
EDTA 25 8 0

Each solution indicated above contained 10 LDgq per ml and mice
were injected with 0. 5 ml of these solutions. Venom was mixed
witn globulin and the resulting solutions were kept at 32°C for 30
minutes before injection. One hundred mg of U-globulin neutral-
ized 20 LDjp of untreated venom, and 100 mg of EDTA-globulin
neutralized 16 LDgg of untreated venom, Y-globulin was the im-
mune globulin obtained from rabbits inoculated with untreated
venom and EDTA-globulin was the immune glcbulin obtained from
rabbite inoculated with EDTA treated venom.
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CG, US Arsy Pecific Medicel Office. APO 598, Son Frescisce, Telif.

CG. US Army Quertersaster RSE Cemsand, Techmicgl Library, MNarick, Mass,

CG. US Arsy Ryskys Islemds, !X Corps, APO 331, Saa Froacisco, Calif.

CG, US Argy Troneparestion RAE Coaziad, Ft. Eustis, Va.

CG, US Ceatineatal Arsy Coasond, Medical Section, Ft, Moatce, Va.

CO, Brecke Aray Medicel Center, Surgical Research Unit, Ft. Sam Houstoa, Tex.
CO, Chewicel Cerps, Bislogical Docusests Laboratery, Ft. Detrick, #d.

CO, Nedicel Techaicel Library, Fitzsisoas Gener3l Hospital, Deaver. Colo.

CO, Picatiasy Arsesel, Dover, N. J.

C0, Quertermester MME FEA.US Arey, Atin: Technicul Publications Br, Ft. Lee, Ve.
CO, US Arsy Avresedicel Resesrch Unit, US Arey Aviatios Ceater, Ft. Rucker, Ala.
C0, US Arsy Cesbat Developseat C. d, Combined Ares Group, Ft. Leavenverth, Kaa.
CO, US Arsy Conbat Developsent Cessand, Materiel 3vc, Ft. Sam Houstos, Tex.

CO, US Arsy Cesbat, Drvilepaest Coessand.Quortersanter Corps. Ft. Lee, Va,

€0, US Arsy Cesbe® Developsint Coasand, Esginesring Cosmand. Ft. Belvoir, Va.
€0, US Arsy Cosasnd & Cenercl Steff College Librory Ft. Leaveaworth, Kea.




ARMED FORCES - HOSPITALS Cont.
DISTRINITTON

CO, Ireland Arsy Hespital, Ft. Kmex, Ky.

CO, Irvin Arsy Hespital, Ft. Riley. Kaa,

Kesner Aray Hospital, Ft. Lee, Ve.

Kinbreugh Army Hespitel, Ft. Geerge G. Neede. Md.
Kire A.oy Hespital, Aberdees Proviag Creuad, Md.
McDocald Arwy Mespitel. Ft. Ewstis, Va.

Martin A y Mespitel, Ft. Benaing, Ges.

Mun-oa Arsy Hosgite., Ft. Leaveavorthk, Kas.
Noble Arsy Mespitel, Ft. NcClellas, Ale.
Pottersea Arsy Hespitel, Ft. Weamouth, K. J.
Selsoa Arsy Hospi:ol, Ft. Dix, N. J.

Velter Reed Gemeral Mespitel, Vashisgtea, D. C.
Weaack Arey Hospitel, Ft. Bregg, M. C.

US Arsy Hespital, Ft. Bes)cuis Harrisoa, Iadienspelis, Ind.
US Arsy Bespital, Ft. Casphell, Ky.

US Arsy Hospital, Ft. Cersoa, Celerado.

US Arey Hospitel, Ft. Dix, N. J.

. -
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Arey Hespital, Ft. Devens, Mass.
co. Arsy Hospital, Ft. Gerdon, Ga.

Arsy Hoapital, Ft. Heod, Tex.

Arsy Hospital, Ft. Jacksoa, S.C.

Arsy Mespital, Ft. Jay, N. Y,

Arsy Hospital, Ft. Leemard Woad, Mo,

Arsy Hospital, Ft. NcPhersos, Ga.

Arsy Hospital, Ft. NocArthur, Calif.

Arsy Hespital, Ft. Noarce, Ve.

Aray Hospitel, Ft. Ord, Calaf.

Arsy Hospital, Ft. Pelk, La.

Army Hospitel, Ft. Rucker, Ala.

Arsy Hospital, Ft. Sill, Okla.

Aray Hosp:tal, Ft. Stevart, Ge.

Arsy Hospital, Ft. Welters, Tex.

Arsy Hospital, Casp Lerey Johmsos, Nex Orleens, Ls.
Arsy Hospital, Dugwey Proviag Grouand, Utah.

Arsy Hospital, Nedstose Arsesal. Ale.




ARNED FOACES Coat.
DISTRIBUTION
€0, US Arey Electrenic Provisg Growsd, Ft. Huachuca, Aris.
00, US Aray Electresics MD Lsborateries, Atta: SELRA-GDA, Ft. Moasouth., N. J.
CO, US Arsy Engiseer MED Cemsand, Ft. Belvoir, Ve.
€0, US Arey Eaviressegte] Hygieae Ageacy. Edgeweed Arsenal, Nd.
©0, US Aray Licises Growp, Preject Michigen, Uaiv of Mich, Aan Ardor, Nich.
€O, US Aray Medicel Lisises Br, Atta: Surgeos, Gerges Hosp, Balboa Hts, Cemal Zene.
€O, US Aresy Medical Res i Wueritien Lab. Fitasiseas Geneval Neap, Desver. Colo.
CO. US Arey Nedical R-eserch Unit. Ft. Claytoa, Canel Zoae.
CO, US Arsy Medical hesearch Usjt. Inst fer Nedical Reseerch Keslo Luspur, Malaya.
CO, US Arsy Medical Research Usit, Ft. Detrick, WM.
CO., US Aray Nrdical Resoarch Uait, No. ], APO 180, Nev Yerk, N. Y.
€O, US Arsy Missile Suppert Cesd, Atta: SMIDW-MO, Redatose Arsessl, Ala.
CO, US Aray Ordeance Arsenal, Freakferd., Philadelphie, Pe.
CO, US Aray Perseasel Resesrch Office, Washiagtea, D. C.
CO, US Arsy Resesrch Isst of Eavirenseatel Medicime, Netick Labs, Natick, Mess.
CO, US Arsy Trepicel Research, APO 851, New Yerk, N. Y.
CO, US Avieties Kusas Resesrchk Usit, Ft. Aucker, Ala.
Dirscter ef Rosearch, U Arsy Air Defease Husen Nes Library, Ft. Blise, Texes.
Director of Reseerch, US Arsy lafeciry Mumas Res Usit, Librery, Ft. Besaiag, Ga.
Director ef Aessarch, US Arey Leedersbip Mumea Mes Usit Librery. Presidie of Nonterey, Celif.
Director, US Arsy-SEATO. Ned Research Lsberatery, APO 148, Sas Frescisce, Calif.
Director. ¥eitor Reed Aray Iast of Nes. Velter Reed Arsy Med Ceater, Wasbiagtea, D. C.
flistorical Usit, US Arey Med Sve, Valter Arsy Med Cester, Weshingtes, D. C.
Office of the Calef Psychi & Newro Cemsultest, SGO. Peshingtes, D. C.
Office of the Dir. Divisics of Xouwrophy, Walter Reed Aray Inst of Res, Weshiagtos, D. C.
Pest Su-guan, US Arsy Dispenser;, Sprisgfield Arsory, Spriagfield, Ness.
Sesier Madical Adviser. Hgs KNAG. APO 102, Sas Freacisce, Celif.
Wslter Reed Aray Isst of Res, Dept of Aiosic Caswalty Studies, Washiugtos. D. C.

HOSPITALS
CG. Breoke Gemeral Maspital Wedicel iibzery. Ft. Ses Houstes. Tex.
CC, Lettersss GCeserel Nespitel, Preaidie of Sos Fresciscoe, Calif.
CG, Bedigen Genmeral Nespital, Tacese, Faushisgton.
CG. Williew Beavseat Genersl Hespiiel Librery. . Pese. Tex.
00, Bessett Arsy Nespiiel, Ft. Jousthan Wainwright, Fairbeaks, Aleske.
CO, DeWitt Aray Noapitel. Ft. Be veir, Va.
0. Dunhes Arsy Mespital, Curlisle Barvecks. Pe.




ARMED FORCES-HOSPITALS Coat.
DISTRIBUTION
CO, US Arsy Hospital, Sierra Avmy Depot, Herloag, Calif.
CO, US Army Hospitel, Whits Sands Missile Rangr, N. Max.
N.VY
Aviation Medical Accelerat.oa Lab, US Navel Air Development Ceat, Johasville, Pa.
Aviation Psychol Laboratory, US Naval Scheol of Aviation Medicine, Peasacola, Ila.
Bereau of Naval Weapoas, Uashingtem, D. C.
Chief. Bureau of Yerde amd Docks, Washiagtea, D. C.
Chief of Naval Air P=.earch Traiming. Glesvies, I1l.
Chief of Naval Air Yechaical Treisiasg, US Maval Air Statios (75), Nesphis, Tesa.
Coasaader, Naval Missile Center, Techaical Library, Poist Wugu, Celif.
CO, Kavel A1 Materiei Cester, Tcchaicel Library, Philadelphia, Pa.
CO, US Navel Cavil Engineer Lab, Pert Hewneme, Calif.
CO. US Navel Medicel Field Researck Lab, Library, Cesp Lejuene. N. C.
CO, US Nevel Ordmaace Test Ste, Stetiom Hospital, Chima Lake, Calif.
CO. US Navel Nadielegical Defense Lab, Ses Frasmcisce, Celif.
Director, Aerospace Cres Equipsent Lab, Maval Air Eagr Ceater. Philedelphia, Pa.
Direcior Resesrch Divisies (71) Bureau of Mediciae & Surgery, Gashingtea, D. C.
Jirector. US Nevel Research Laberatory, Code 2027. Weshimgtoa, D. C.
Director of Laboretories NNS, Netional Nevel Medical Ceater, Bethesde, Wd.
Office of Naval Res Br, Document& Tech Iafer. Bex 39, Nevy 180, Fleet PO, New Yerk, N. Y,
Office of Naval Research. Cede 454. Washiagtes, D. C.
Officer ia Charge, Exper Diviag Uait, US Nevel Ste. Navy Yard Assex, Washisgtea, D. C.
Of ficer io Charye, Operctieas Evalustions Creup. Washiagtoes, D. C.
Special Assisteat, Medicel Allied Scieaces, Washingtea, D. C.
Techaical Refereasce Library, Neval Ned Res Iast. Nat'l Nevel Ned Ceater. Bethesds, Md.
US Raval Resesrch Laboretory, US Nevel Subserise Bese, Nev Leadoa, Gretea, Cess.
US Navel Supply Res & Develepmest Fecility, Librery, Beyscne, New York.
US Nevel Traising Device Center, Code 54. Pert Rashisgtoa, K. Y.
US Navy Nedical Neurepsychistric Resesrch Unit. Sea Diege. Calif.
US AIR FORCE
Air Defense Cosd, Est Air Ferce Base, Celo.
Assistamt fer Grousd Safety, US Air Force, Washisgtes, D. C.
Cesdr., Rose Air Develepsent Center, Criffiss A"B, K. Y.
Conds., 6570 ANRL (MMBA) Tright-Petterses AFB. Ohio
Condr. §570 AMAL (WADBR) Wright-Pettersos AFB. Ohie
Comd:z, 570 ML (MARSL) Uriglt-Petterses AFD, Ohie
Condr, Wilferd Hell, US Air Ferce Nespitel, Lecklasd AFB. Tex.




MEDICAL COLLEGE/SCR®QOL LIBAANIES AND DEPTS Cost.
DISTRIBUTION
Usiv of Virginie, Medical Library, Usiv Hespitel. Charlottesville, Vu.
Univ of Virgisia, Psycheleqy Depertment, Charlottesville. Va.
Univ of Weshingten, Health Scieaces Librery, Seattle., Waah.
Usiv of CSiscensin, Medicel Scheel Librery. Modisen. Wis.
Uaiv of Tisceasin, Paycholegy Studies Divisiea, Medisen, Uis.
Veyss Stete Univ, Nedical Librery. Detreit. Mich.
Vest Virgiais Usav, Medicel Ceater Library. Mergastewa, ¥. Ve.
Yale Univ, School of Nedicise. Otelegic Rescerch Leberstery. Neew ligvea, Ceas.
Xevier Univ, D-pertsest of Peychelegy. Cincimaeti, Ohie

FOREIGN

Accessiens Dept. Nat’'l Leading Library for Aci & Tech. Bestea 3PA, Yerkssire. Englend
Asericen Esbassy. The Foreiga Svc of Americe, Atta: Asst Med Atteche, Leades, Esgland
British Arsy Nedicel Lieison Officer, British Cobaussy, Weshingtes. D. C.
British Navy Steff Officer, Besjesia Frasklis Ste, At:a: F.P. Ellie, Weshiagtes, D.C.
Cosedies Licisen Officer. Office of the Surgesa Generwl, Vashisngtea, D. C.
Chester Beettr Ros Inst, Reysl Cuscer Hosp, Atts: Peter Alerender, Leadea. Englerd
Cosnander P. H. Bezsel, Ned En Chef Do La, Msrina, Peris, Fresce
Defeace Resecrch Nesber, Cezcdiss Joint Steff, Weshisgtea, 0. C.
Dr, Nuge Areuie, Nespitel Militer Contrsl. Assacios. Paregusy.
Ds. R. V. Driwblecesd, Chea Defence Expy. Eat, Pertea Dews. Selisbury, Wilts, Esglesd.
Dr. Nertti J. Kervesen, Dir Phyzicl Dept. The Inst of Occup Mealth, Heleinki, Fislwaa
Dr. Jas Sersell, Dept of Nistelegy. Kerelinske Isst, Steckhels., Svedea
Dr. G. N. Wyndhen. Dir Appl Phyeiol leb, TUL & O.F.8. Chanber of Mives. Jobasawebury, S. Africe
Cichkii Negeshise £xts Infe Sve, The Nat’'l Inct of Asisel Nesith, Tekyo, Jepes
Escuele do Senides Militer. V. Edvw Smitar, Atts: Degoate G, C. Piztse, Aawncien. Pareguey
Gezaan Military Attecho.Feders! %isaztcy 3 Defense, Seshiagtea, D. C.
last of Clinical Exper Surgery. Atta: Dr. Lisks, Pregue, KXrc. Czechoslevekic
Inst of Expor Hed ESurq. Atts: Dr. Hess Selye. Dir Usiv of Westreel, Nestreel, Cesado
Isst of Physiolegy, Univ of Pise. Atts: Gaiseppe Meruszi, Pise, Itely
Leboretery of Genarel Futhaiogy Thorepy, Atta: Prof Zetea A. Bece, Liege, Delgiwe
Nedicsl Sciences Librery, Usiversity of Alderte, Tdmeatsn, At3:2n, C-oyede
Oxferd Usiv, Department of Hutua Asatesy, Atta: Dr, A. R, Lisd, S-igrd. Englesd
Pref D. Bezaeti. Dir Inst de Ciencies Fisielegies, Nentevideso, Uruquar
Prof A. W. Ditchhbura, J. J. Treapsea Physis} Leb, Berks Univ, Berks, Dagland
Pref D. N. MecKkey, Univ of N. Steffordshire, Keele, Staffordehirve, Englead
Pref J. A. F. Stevonsen Feculty of Ned, Univef Vesrt-- Ount, Lendca, Out, Cunsde
Reyel Air FPorce Inat of Avietios ¥ed, Atta: Dr. G. H. Byford, Farshorewgh, Eaglesd
Reyel Air Force Inst of Aviation Med, Atea; Lt. J. C. Guignerd, Feraborough, Eaglosd
Boyel Seciety of Nedicise Librery. Lecdes Esglesd
Yaiv of Sestera Outerie Med Scheal, Attn: Dr. Allem C. Burtes, Lesdes, (ct, Cengds
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